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Introduction
The semideciduous seasonal forest of the Southeastern Brazil is probably one of the most threatened and fragmented ecosystems on earth. The maintenance of its biodiversity depends on the conservation of small fragments spread over an agricultural landscape. The biological studies on these forest remnants have improved a lot during the last three decades, enhancing the required background for management and conservation actions. However, climbers' communities have been neglected by most of those studies, which focused mainly on trees. This study comes as a small contribution towards fulfilling this gap.
Climbers are an abundant and diverse group of plants in forests throughout the world, particularly in the tropics. They can constitute ~25% of woody stem density and represent from 25 to 44% of the woody species diversity in tropical forests (Gentry 1991 , providing a remarkable food source for the associated fauna and, by physically linking trees together, furnishing canopy-to-canopy access for arboreal animals (Emmons & Gentry 1983 , Morellato & Leitão Filho 1996 . Thus, the importance of improving the knowledge about lianas (woody climbers) lies on the crucial ecological role they play in many aspects of tropical forest dynamics.
Lianas are commonly seen as structural parasites, invaders or weedy species, which respond positively to increased CO2 concentrations, light penetration and forest disturbance, and consequently thrive in fragmented/disturbed landscapes (Putz 1984 , Laurance 1991 , 1997 , Laurance et al. 2001 , Phillips et al. 2002 . When abundant, this life form is considered to be an inconvenient for economic and conservational reasons. Abundant lianas can reduce the sylvicultural value of a forest by reducing tree growth and fecundity, and increasing tree mortality and stem deformation (Stevens 1987 , Putz 1991 , Pérez-Salicrup & Barker 2000 , Phillips et al. 2005 . Additionally, tree supporting lianas are more prone to break and cause logging damage on their neighbours due to intercrown connections between adjacent trees, enhancing tree turnover in heavy infested forests (Appanah & Putz 1984 , Vidal et al. 1997 , Phillips et al. 2005 . Lianas can also arrest or suppress gap-phase regeneration, and harm some species while promoting others . All these factors indicate that forest dynamics and composition can be altered due to lianas' influence, with implications for forest's conservation and sustainability (Putz 1984 , Stevens 1987 , Pérez-Salicrup & Barker 2000 , Schnitzer & Carson 2001 , Phillips et al. 2002 .
Few quantitative and qualitative data are available to evaluate these claims in the semideciduous seasonal forests of southeasthern Brazil. This ecosystem is facing an extremely high anthropogenic pressure given its high degree of forest fragmentation, disturbance history, and location, among the larger cities and the most industrialized region of Brazil. Heavy liana infestations are expected for this region, however, little is known about variations in their communities and the contribution of their species to overall diversity in these forests (but see Udulutsch et al. 2004 , Tibiriçá et al. 2006 , Rezende et al. 2007 ). Further investigations and data are highly desirable and required to address these questions in semideciduous seasonal forests of southeasthern Brazil (Udulutsch et al. 2004) . Floristic inventories are the first step towards a better understanding of climbers' communities in this region; they provide the basic information for further investigations and to support management and conservation policies.
The goal of this study is to contribute to increase the knowledge of communities of climbers in the Southeastern Brazil by describing their floristic composition in a semideciduous seasonal forest fragment of Campinas municipality, State of São Paulo, and providing a preliminary evaluation of the floristic patterns of their communities by comparing the current floristic inventory to other nine inventories carried out in different semideciduous forest fragments of Southeastern Brazil.
Material and Methods
The tropical semidecidous forest from Southeastern Brazil occurs in areas with rainfall between 1,250 and 2,550 mm. The vegetation is characterized by dense forests with high tree species diversity. The average canopy stature is 15 m with emergent trees reaching up to 35 m tall. There are two distinct seasons, the rainy summer, from December through February and the dry winter, from June through August. During the dry season approximately 40% of the trees composing the canopy are deciduous to some degree ( Morellato & Leitão Filho 1992 
Figure1
. Locations of the 10 semideciduous forest sites of southeastern Brazil. ANG = Angatuba (Torres 1989) ; ARA = Araras (Udulutsch et al. 2004) ; BH = Belo Horizonte (Lombardi et al. 1999) ; RC = Ribeirão Cachoeira forest (Present study); RP = São José do Rio Preto (Rezende & Ranga 2005) ; PF = Paulo de Faria (Rezende et al. 2007 ); SC = São Carlos (Hora & Soares 2002) ; SG = Santa Genebra (Morellato & Leitão Filho 1996) ; SV = Fazenda São Vicente (Bernacci & Leitão Filho 1996) ; VAS = Vassununga (Tibiriçá et al. 2006 ).
Figura 1.
Localização dos dez fragmentos de floresta estacional semidecidual estudados no sudeste do Brasil. ANG = Angatuba (Torres 1989) ; ARA = Araras (Udulutsch et al. 2004) ; BH = Belo Horizonte (Lombardi et al. 1999 Piptadenia gonoacantha (Mart.) J.F.Macbr., Trichilia clausseni C.DC, Croton floribundus Spreng., Gallesia integrifolia (Spreng.) Harms, Lonchocarpus muehlbergianus Hassl.,and Aspidosperma polyneuron Müll.Arg. (K. Santos et al. unpubl. data) .
The floristic inventory of the present study was carried out at the Ribeirão Cachoeira Forest, which is the second largest (244.9 ha) of the former continuous semideciduous seasonal forest of Campinas municipality, State of São Paulo. The species composition of climbers was sampled randomly, by walking along the network of paths within the forest fragment and also at forest edges. Every climber found in reproductive state was collected for later identification and recorded for the checklist. Collecting was done mainly from March through December 1996. Identification followed the usual taxonomic techniques and vouchers have been deposited in the UEC Herbarium (Department of Botany, Institute of Biology, State University of Campinas -UNICAMP). Family classification followed APG II (APG 2003) .
There are many different kinds of climbers, differing in climbing strategy, morphology and ecology (Gentry 1991) . In this study we included woody, subwoody and herbaceous climbing plants which can be defined as plants that begin their life cycles as seedlings rooted in the ground and rely on other plants for physical support in order to reach the top of the forest canopy, never loosing the contact with the ground as they keep rooted in the soil permanently. This means that we excluded hemiepiphytes and epiphytes. Nonetheless, because the majority of the species being considered in this study is woody and also because the other inventories treated here followed the same definition, we may also refer to the studied group of plants using the more widespread term lianas, especially when referring to available literature focusing the theme.
The obtained list of species plus other nine floristic inventories of climbers carried out in different locations of the southeastern Brazil were pulled together to build a presence/absence main matrix data.
Only forests belonging to the seasonal semideciduous forests domain were included, being eight forest inventories from the interior of the São Paulo state and one from the State of Minas Gerais (Figure 1 , Table 1 ). The sampling methods and criteria of inclusion adopted by each study included in the main matrix data varied little, most of them adopted the same methods as in the current inventory (Table 1) .
Only taxa identified up to species level were included in the presence/absence main matrix, and the full list was checked for synonymies among taxa. For all species recorded on the main matrix, the climbing mechanisms were determined based on field observation, personal knowledge and/or reference to literature. Species were classified into one of the following categories according to Putz (1984) and Hegarty (1991) : a) tendril climbers, b) main stem or branch twiners, and d) scramblers.
We examined the patterns of climbers composition using nonmetric multidimensional scaling (NMS) ordination in PC-ORD version 4.0 (McCune & Mefford 1999) . The ordinations were based on the Sorenson's similarity matrices of species presence-absence data. We also accessed liana species' contribution to the total wood plant richness recorded on the studied forests sites by calculating the proportion of climber species in relation to the total wood species number (trees, shrubs and climbers). The number of trees/shrubs species in each site was also compiled from the literature for most studied sites, with exception of Belo Horizonte (BH), São José do Rio Preto (RP), and Vassununga (VAS).
Results
Considering all the forests inventories pulled together, we found a total of 355 species of climbers belonging to 145 genera and 43 families ( Table 2 ). The ten most diverse families were Bignoniaceae (45 species), Fabaceae (42), Malpighiaceae (36), Asteraceae (31), Apocynaceae (29), Sapindaceae (28), Convolvulaceae (21), a = Forest fragment size in hectares; b = this column refers to the criteria adopted by each study to select the plants to be included in the survey. Where DBH = diameter at breast high; Reproductive material = all the plant stems were collected as long as they were found in reproductive state (flowering or fruiting). a = Área do fragmento florestal em hectares; b = esta coluna se refere ao critério de inclusão adotado na amostragem. Onde DBH = diâmetro à altura do peito; Reproductive material = todas as plantas encontradas em estado reprodutivo (flor ou fruto) foram coletadas. Table 1 and Figure 1 for sites legend). *Climbing methods, where ten = tendril climbers; twi = branch/stem twiners; scr = scramblers. x = indicates species occurrence.
Tabela 2. Lista das 43 famílias e 355 espécies de lianas encontradas nos dez fragmentos de floresta estacional semidecidual estudados no sudeste do Brasil (Siglas dos fragmentos como na Figura 1 e Tabela 1). *Mecanismos de escalada, onde ten= gavinhas; twi = volúveis; scr = escandentes. X = ocorrência da espécie.
Family and species
Climb* ANG ARA BH 
Family and species Climb* ANG ARA BH PF RC RP SC 
Family and species Climb* ANG ARA BH PF RC RP SC SG SV VAS Byttneria laevigata Schott ex Pohl scr ten Cucurbitaceae (14), Passifloraceae (10), and Euphorbiaceae (8). These families contributed to 74.4% of the total species richness, whereas another 20 families were represented by only one or two species. The set of richest families varied little between the analysed forest sites (Table 3) . The contribution of the climbing species to the total number of wood species recorded on the examined forests ranged from 20.3% to 52.5% (Table 3) . The exclusive species i.e., those occurring in only one forest site, accounted for 49.3% (175 species) of the total recorded (Table 3) , 17.2% were present in two sites and 11% of the species occurred in three sites. Only one species, Macfadyena unguis-cati (L.) A.H.Gentry was common to all the studied forests.
The commonest climbing method within forest sites were main stem or branch twining, accounting for 178 species or 50.1% of the total recorded, followed by tendril climbing (121 species, 34.1%), and scrambling (56 species, 15.8%). Comparing the mean proportion of species (±95% confidence interval) in climbing mechanisms among forest sites, we found that 12.7% (+3.3 -3.01%) were scramblers, 44.1% (+6.1 -6.0%) were tendril climbers, and 42.7% (+6.5 -6.4%) were twiners. The proportions of species in climbing mechanisms varied little among forest sites (Table 3 ). The highest proportion of twiners was observed at Santa Genebra (SG) and the lowest at São Carlos (SC) ( Table 3) .
The mean (±SE) similarity among forest sites was 30.2% (+1.45 -1.47%), ranging from 14.8 to 52.6%. The NMS ordination of the ten forest sites based on presence/abcence of climbing species showed a cluster including 9 forest sites (Figure 2 ). Only Belo Horizonte (BH) forest site appeared isolated from the others. The NMS ordination represented 81.4% of the variation in the dataset, with 59.2% loaded on axis 1 and 22.2% on axis 2. Biota Neotrop., vol. 9, no. 4 Discussion Climbing species composition is described to be a function of stand age, geographical location, altitude and disturbance (DeWalt et al. 2000 , Laurance et al. 2001 , Parthasarathy et al. 2004 ). In our ordination analysis the geographical location appears to play a major role on the observed similarity among forests, since the only forests plotted separated from all others (BH) is also the one located farthest apart geographically. Our results corroborate those found by Rezende & Ranga 2005 , which compared some of the floristic inventories (including BH), using Jaccard index and clustering analysis UPGMA.
The list of the most speciose families on forest sites confirms partially Gentry's (1991) predictions that the communities of climbers in the neotropics may vary little from one forest site to another, in terms of floristic composition of families, with Bignoniaceae and/or Fabaceae almost always among the richest families. Bignoniaceae was the richest family in nine out of ten forest sites examined in the present study. Fabaceae was the second richest family when considering all the sites together, but it did not figured within the five richest families in every forest site, for instance in Araras (ARA) and Vassununga (VAS) this family presented only three species, figuring in tenth and eighth place in the ranking of the richest families, respectively. Gentry (1995) suggested that the Bignoniaceae tend to be the richest family in climbing species in neotropical forests with a strong dry season, such as the semideciduous forest of Southeastern Brazil. This family is the fifth richest family in climbing species in the neotropics (Gentry 1991) . The largest Bignoniaceae tribe, Bignonieae, includes nearly half of the genera (47 of 104) and more than one third of the family's species (360 of 860) (Lohmann 2006) . The entire tribe is composed exclusively or predominantly by tendrillate lianas and most of them are represented within Brazilian limits, having probably evolved there (Gentry 1980) . It is possible that these factors are correlated with the high diversity of family Bignoniaceae on studied sites.
The proportion of species comprised by the ten richest families (74.4%) is in accordance to what has been reported for the neotropics (64-69%; Gentry 1991 , DeWalt et al. 2000 , and again confirms Gentry (1991) predictions.
Twining is frequently cited as the most common climbing method within liana communities, being the most species diverse and also the most abundant (Putz & Chai 1987 , Hegarty & Caballé 1991 , DeWalt et al. 2000 , Laurance et al. 2001 , Parthasarathy et al. 2004 . Our results agreed with this when considering the whole pool of species, but when analyzing forest sites separately, we found that tendril species predominated over twiners in six locations. Campanello et al. (2007) also found tendril climbers as a majority of species in an Atlantic Forest patch in Argentina. The high proportion of tendril climbers in most of the studied sites is also an effect of the large amount of Bignoniaceae species in the data, since most of them are tendrilate species. Nonetheless, the supremacy of twinners and tendrilate species over scrambler species was found in all the studied sites and in most tropical forests elsewhere (Hegarty & Caballé 1991) . The absence of obviously specialized climbing organs in scrambler species is pointed out by Gentry (1991) as the possible reason for their relatively lower success than twinners and tendrilate species. According to Putz (1984) , the main factor influencing the richness and abundance of different climbing mechanisms seems to be the support availability. Twiners can climb larger supports than do tendril climbers. Thus, forests with high density of small stems, characteristic of the earlier sucessional stages and gaps, tend to present a larger proportion of tendril climbers, while in mature forests twiners may be more successful due to their ability to climb larger supports (DeWalt et al. 2000, Laurance et al. 2001 ). Nonetheless, further investigation with appropriate designed experiments is required to address this question properly in semideciduous forests.
Climbing species contributed for up to 52.5% of the total wood plant species recorded on the studied sites. According to Gentry & Dodson (1987) lianas can account for up to 25% of wood stem diversity on tropical forests. Thus, the climbers' contribution to the total wood species richness in some sites, such as RC, PF, and ARA, can be considered high. As stated by Udulutsch et al. (2004) , it is evident that climbers may represent a great proportion of the species richness in semideciduous forests of Southeastern Brazil, which clearly enforces the need for further investigations and the conservation value of these forest fragments.
Comparisons among forest inventories differing in sampling methods are always difficult and should be interpreted with caution. Therefore, further investigation, especially with the inclusion of quantitative data, is strongly recommended to enhance the knowledge on lianas communities in semideciduous forests of Southeastern Brasil. Nevertheless, the high liana species contribution to the total wood plant richness found here, allied to the observation that almost half of species were present in just one site (49.3%), and the low mean similarity between analyzed forests indicates the importance of liana communities to the plant diversity in semideciduous forests of Southeastern Brazil. Climbing species appeared to compose unique floras in each forest site, enhancing the regional diversity and the conservation value of forest remnants.
